A kinetic 8tudy of the tetrafluoroethylene-difluorocarbene radical reaction was conducted in excess nitrogen behind incident shock waves over the temperature range from 1200 to 1600° K at total gas concentration around 1. 15 x 10" ^ mole/cc. The rate of formation of CF2 was observed spectrophotometrically and is reproduced by the rate law: 
ILLUSTRATIONS
were determined by employing a spectrophotometric technique to monitor the production of CF^ radicals in absorption at 2536A. A similar kinetic investigation of the C2F4 dissociation has been c irried out in excess nitrogen in order to assess its collision efficiency as a second body. It was of interest also to note the effect of C2F4 impurity on the vibrational relaxation of nitrogen molecules. Calculations had shown that over the temperature range of thi3 study and near one atmosphere total pressure the C2F4 chemical relaxation would be about 100 to 1000 times faster than vibrational relaxation of pure N£. Hence, the measured C2F4 equilibrium constant was used to obtain the temperature behind the shock wave, after a known time, to estimate the N2 vibrational relaxation time.
II. EXPERIMENTAL
The shock-tube and optical absorption-spectroscopy apparatus used in these experiments was identical to the setup described in Reference 1. The concentration of CF2 radicals generated behind the shock wave was determined from Beer's law according to the expression
where I 0 and I are the incident and transmitted light intensity; c is the molar extinction coefficient in cubic centimeter per mole-centimeter; L = 3.91 centimeters, the path length of light through the shock tube; a is the degree of C F dissociation; PI\ is the density ratio across the shock; and [C2F4 ]j is the concentration ahead of the shock front. Measurements of the CF2 radical UV absorption were made at 2536A where 1 was taken to be (1. 25 ± 0. i0)106 cc/mole-cm over the temperature interval 1200* to 1600°K. 2 A general profile of the CF2 absorption behind a nitrogen shock wave is indicated by the oscillogram record in Figure 1 . It is observed that after chemical relaxation, the CF2 equilibrium absorption appears to overshoot slightly at first, and then to decay gradually later on. The effect here is attributed to the C2F4 equilibrium following the decrease in temperature behind the shock wave as ehe N2 molecules vibrationally relax« This behavior was not observed behind similar shocks in argon.
The shock conditions of temperature and density ratio were calculated from the Rankine-Hugoniot equations with the incident shock velocity and the state of the gas ahead of the shock, and as a /unction of the degree of C^F 4 dissociaf n behind the shock wave.
J The dissociation energy of C2F4 was taken to H»i 74. 9 kcal/mole (Reference 1) so that the temperature drop behind the shock wave due to complete dissociation was 100*K for the 1:100 (mole ratio) C2F4-N2 mixtures used« For the sane degree of dissociation» the difference in temperature between vibrationally unrelaxed and relaxed N2 shocks was about 70*K. Attenuation of shock velocity under conditions of interest amounted to a decrease of 0. 22 ± 0. 08 percent per 20 cm length of tube, which introducted at most a 5*K uncertainty in the analyzed data. -12-
The presence of a small quantity of C2F4 in excess N2 appears to enhance the vibrational relaxation of N2 molecules. The apparent N£ vibrational relaxation time was obtained on the assumption that the C2F4 and CF2 molecules were in vibrational equilibrium with the translational gas temperature so that the measured chemical equilibrium constant could be used as a temperature indicator during N2 vibrational relaxation. Since the vibrational histories of C2F4 and CF2 were not measured in the experimentr, the present data does not permit an estimation of the relative importance of the translational-vibrational and vibrational-vibrational exchange processes between N2 molecules and C2F4 or CF2. However, it may be pointed out that near-resonance vibrationalvibrational exchange between N2 and C2F4 may be possible because of the C2F4 vibrational frequency*? at 1872 c m~*. This behavior suggests itself in view of the near-resonance vibrational-vibrational coupling exhibited by N2 and NO whose fundamental frequency is 1876 cm"*. More importantly, it is noticed from Figure 3 that the apparent N2 relaxation time appears to have nearly the same temperature dependence as the chemical relaxation time for CF2 formation. This observation tends to suggest near-resonance vibrational coupling between CF2 and N2 in which exchange a ?.-quantum jump process would be required. For the mixture, the apparent probability per collision of vibrational energy transfer between C2F4 (2?0.5 dissociated) and N2 is calculated to be 4.28 x 10" 5 at 1350°K as compared to 5.86 x 10"8 for pure N 2 . The collision frequency of N 2 with both C2F4 and CF 2 was taken to be the same.
In regard to the C2F4 dissociation kinetics, the average of the ratio of the Ar forward rate constants in N2 and Ar diluent k f NV'kf is 1.3 ± 0.1 which may be compared to the value 1.49 ± 0.07 found by Volpe and Johnston 1 " for the unimolecular decomposition of NO2CI, and the value 1.7 given by Johnston 11 for the decomposition of N2O5. The ratio of the relative velocities of approach of N2 and Ar in the C2F4 dissociation is calculated to be 1.23. Analysis of the pre-exponential coefficients in terms of classical collision theory, ^ shows that the steric factor for Ar 'P Ar = 0.62) is slightly higher than that for N2(PN 2 = 0.47). The collision diameter of C2F4 was taken to be 5.8A (Reference 1) and those of N2 and Ar, 3.7 5A and 3.4A respectively.
-13- 
